A novel fiber-based Mueller-matrix optical coherence tomography system is demonstrated for acquiring polarization images of biological tissues in vivo. The system features a single broadband source, a rapid scanning optical delay line, and an electro-optical polarization modulator that modulates the polarization states of the source light continuously. A frame of a 1515 200 × -pixel 2D image can be acquired in half a second. The Jones matrix of a sample is calculated from two frequency components--the A-scan carrier frequency component and the beat frequency component between the modulation frequency and the carrier frequency. For samples having negligible diattenuation, the Jones matrix can be calculated from a single measurement of either the horizontal or the vertical interference signal. The system was first validated by imaging standard polarization elements and then applied to imaging biological samples.
INTRODUCTION
As a branch of polarization-sensitive optical coherence tomography (PS-OCT), 1 Mueller-matrix OCT has been developed to fully characterize the polarization properties of biological tissues. [2] [3] [4] [5] [6] Because of the interference-based heterodyne detection scheme in OCT, a scattering sample acts as a nondepolarizing medium. In a nondepolarizing medium, the Mueller matrix and the Jones matrix are equivalent and can be transformed from each other. The polarization properties, such as retardance, orientation, ellipticity, diattenuation, etc., of biological tissues can be computed from either the Jones matrix or the Mueller matrix.
To measure a Jones Matrix, at least two independent incident polarizations states are needed. In our previous versions of Mueller-matrix OCT, two independent sources with orthogonal polarization states were used to calculate the Jones Matrix of a sample with a single measurement. In this paper, we demonstrate a novel Mueller-matrix OCT system that employs a single super-luminescent diode followed by a polarization modulator to continuously modulate the incident polarization states of the interferometer.
EXPERIMENTAL SET-UP
A schematic of the experimental system is shown in figure 1 . The SLD light source has a center wavelength of 1.3 um, a 3 dB bandwidth of 70 nm and output power of 10 mW. A linear polarizer sets the polarization state of the SLD source to vertical before it hits the polarization modulator (Conoptics), which continuously modulates the incident polarization state at >100 kHz to ensure that multiple cycles of polarization states are applied to each layer (corresponding to the depth resolution) of the depth scan. The fast axis of the polarization modulator is oriented at 45º. A linear polarizer (LP) oriented at -45º is placed in the reference arm to control the reference polarization state. The reference arm and the sample arm are composed of single mode optical fibers. A grating-based rapid scanning optical delay line (RSOD) is used for the depth scan. The combined sample and reference light is split into horizontal and vertical polarization components by a polarizing beam splitter (PBS). The two orthogonal polarization components of the interference signal are detected by two photodiodes -PDH and PDV-respectively. A 12-bit DAQ card is used to digitize the detected analog signal for computer processing. A frame of a 1515 200 × -pixel image can be acquired in half a second. as
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where r ϕ is the phase of rh E and rv E ; z is the path length difference between the reference and sample arms. x Ĩ and y Ĩ can be further expanded as 
respectively. When the polarization modulator is driven by a sinusoidal wave, i.e., 
CONCLUSION
In conclusion, we have developed a novel fiber-based polarization-sensitive Mueller-matrix optical coherence tomography that enables the acquisition of a round-trip Jones matrix of biological samples using only one light source and a single depth scan. A polarization modulator is used in the source arm to continuously modulate the incident polarization states. The Jones matrix of the sample can be calculated from two frequency terms in two detection channels. When diattenuation is negligible, only a single detection channel and a single measurement are needed to measure the Jones matrix. The system was validated by standard optical elements and applied to imaging biological samples.
